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Description 



The present invention relates to a radial tyre having an aspect of ratio of 65% or less, and more particularly 
to a carcass profile for such a tyre by which ride comfort is improved at no sacrifice of steering stability. 

In general, pneumatic radial tyres with a metallic cord belt reinforcement are widely used because of their 
superior high-speed durability, steering stability, wear resistance and fuel economy. In orderto further enhance 
these properties especially steering stability, tyres with a low aspect ratio have been recently used. 

If the aspect ratio is lowered, the cornering power and the lateral stiffness of the tyre are increased so that 
the steering stability of the vehicle can be upgraded. Therefore, tyres having an aspect ratio of $5% or 60% 
have increased in number, and furthermore tyres having aspect ratios of 55% or 40% have already appeared. 

Such low aspect ratio radial tyres have, however, a common defect ; uncomfortable ride. It is because the 
longitudinal stiffness as well as the above mentioned lateral stiffness is increased as the aspect ratio is dec- 
reased, and impacts from road surface to the tread are likely to be propagated to the vehicle through the 
sidewails, beads, rim and axle. 

As a means of improving the ride comfort, a reduction of belt stiffness by means such as reducing of the 
belt width or a reduction of the modulus of the belt cords, or lessening the stiffness of the bead portion can be 
considered, but these means cannot be put into effect without sacrificing steering stability. 

To solve these contradictory problems, special materials for bead reinforcement and a carcass winding-up 
strocture were disclosed in Japanese Patent Publication No. 56-3806. This technique shows an effect in tyres 
having a conventional high aspect ratio, but it is insufficient in the tyres having a low or aspect ratio especially 
in very low aspect ratio radial tyres of 65% or less. 

It is therefore, an object of the present invention to improve the ride comfort in a low aspect ratio radial tyre 
having an aspect ratio of 65% or less without spoiing steering stability. 

A known tyre according to the preamble of claim 1 is shown, e.g. in US-A-4513802. 

Accordingly the present invention provides a radial tyre comprising a pair of bead cores provided in bead 
portions of the tyre, a carcass having at least one ply cord turned up at Hs edge around the bead cores and 
defining a carcass line and a belt on the carcass, having at least two plies of metallic cords, and defining a belt 
width, the carcass fine between a point under the edge of the belt and a point substantially at the upper end of 
the bead core comprises an upper arc having its centre inside the tyre and a lower arc having its centre outside 
the tyre, characterised in that the radius of curvature of the upper arc divided by the radius of curvature of the 
lower arc is less than 0.8, and that the tyre has an aspect ratio of 65% or less. 

Here, the carcass line is defined as the centre line of the carcass with regard to its thickness when the tyre 
is assembled on a specified rim and the specified internal pressure is applied, regardless of the number of car- 
cass plies. 

An embodiment of the present invention win now be described by way of example referring to the attached 
drawings in which : 

Fig. 1. is a radial cross sectional view of one side of a radial tyre according to the present invention ; 
Fig. 2 is a graph showing the relationship between longitudinal stiffness and aspect ratio ; 
Fig. 3 is a graph explaining the longitudinal stiffness in the present invention ; 

Fig. 4 is a schematic view showing a carcass line according to the present invention and a carcass of a 
reference tyre and 

Rg. 5 shows two cross sectional views of bead reinforcing members. 

A tyre 1 in Fig. 1 is shown assembled on its specified rim 9 inflated to its specified internal pressure. 

The tyre 1 has an annular tread 2, a pair of bead portions, and a pair of sidewails 3 extending radially inward 
one from each edge of the tread 2 to the respective bead portions. 

Two beads cores 4 are provided one in each bead portion. The tyre also has reinforcement carcass 5, tread 
rubber thereon and a belt 6 between the carcass 5 and the tread rubber. 

The carcass 5 is composed of at least one ply of cords extending through the tread portion and sidewall 
portions, and turned up at its edges around the bead cores to be secured thereto. In this embodiment, the car- 
cass 5 comprises one ply of cords, but two or more plies may be used. 

The cords of the carcass ply may be organic fibre materials such as nylon, polyester, aromatic polyamide 
or metallic materials. 

The belt 6 is composed of two plies of metallic cords, located radially outside the carcass. 

The cords of each ply are an-anged at an angle of 15 to 30 degrees with respect to the circumferential direc- 
tion of the tyre, and the cords of each ply cross with those of the adjacent ply. 

The belt 6 in this invention may include three or more plies of metallic cords, and furthermore, a structure 
(not shown) having a reinforcing layer composed or organic fibre cords in its outermost layer in the radial direc- 
tion can be employed. 
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In Fig. 1 numeral 5 indicates both the carcass and the carcass line, wherein the carcass line is, as men- 
tioned above, defined as the centre line of the carcass when the tyre is assembled on its specified rim and the 
specified internal pressure is applied. 

One of the most important factors determining the ride comfort of a tyre is the longitudinal stiffness. Fig. 2 
5 shows the relationship between longitudinal stiffness and aspect ratio. As the aspect ratio becomes small, the 
longitudinal stiffness increases. This tendency is apparent especially where the aspect ratio is less than 65%. 

As shown in Fig. 3, the longitudinal stiffness in this invention is defined as the quotient of the load fluctuation 
(200 kg) divided by the longitudinal deflection (delta E) when the tyre is subjected to the load fluctuation from 
a specified load Po - 100 kg to the specified load Po + 100 kg. That is, an increase of longitudinal stiffness 
10 means a reduction in longitudinal deflection. 

The inventor has discovered a shape in which the longitudinal deflection of the sidewall portions is raised 
without changing the length of the carcass line between a point A and a point C. 

He found that the carcass line 5 between the point Aand the point C should be composed of only two arcs; 
an upper arc 7 and a lower arc 8. Also the radius of curvature R1 of the upper arc divided by the radius of cur- 
15 vature R2 of the lower arc should be less than 0.8. When the values more than 0.8, the effect to increase lon- 
gitudinal deflection, that is, the lessening of longitudinal stiffness is almost nullified, so that it becomes 
ineffective to simply form said carcass line only by two arcs. 

The point A is the intersection between a perpendicular from the belt edge to the tyre axis and the carcass 
tine, wherein the belt edge is defined as the edge of the area where at least two belt plies are overlaid on the 
20 carcass. That is, the point A is the axiafly outermost of the area (indicated by WB in Fig. 1 ) where the carcass 
is restricted by the belt The point C is the intersection between a line drawn from the upper end of the bead 
core parallel to the axis of tyre and the carcass line, which is a point on the carcass which does not change its 
position even with load and rotation. 

The upper arc 7 is an arc having its centre inside the tyre, and the lower arc 8 is an arc having its centre 
25 outside the tyre. Accordingly, the carcass line between the point A and the point B has a point of inflection B. 
In other words, the upper arc forms an upper part between the points A and B, and the lower arc forms a lower 
part between the points B and C. 

In this embodiment, the centre of the upper arc is located on a line drawn parallel to the axis of tyre from 
the maximum width point at which the section width of the tyre becomes maximum, and the centre of the lower 
30 arc is located on the bead base line, whereby the point of inflection B is located between the maximum width 
point and the point C. 

Furthermore, the belt preferably satisfies the following relation. 

(WB/H1) x (Aspect ratio/100) > 0.8 

35 

wherein 

WB is the belt width defined as a width of the area where at least two belt plies are overlaid, measured 
parallel to the tyre axis ; and 

H1 is the sectional height of the carcass measured from the bead base line BL 
40 In the case of a narrow belt width where the value is less than 0.8, a preferable ride comfort can be easily 
obtained but the circumferential stiffness of the shoulder portions of the tyre falls and it is hence difficult to keep 
the necessary steering stability which is one of the features of the low aspect ratio. 

The longitudinal deflection becomes larger when the radius R2 of lower arc is greater than the radius R1 
of upper arc, but when R2 is excessively large, the part A-B occupied by the upper arc 7 becomes small to 
45 cause adverse effects. As a result, R2 is preferably less than 0.6 times the sectional height H1 of the carcass. 
If R2 is less than 0.4 times H1, it is difficult to set the value R1/R2 smaller than 0.8. From such a point, the 
radius R2 of the lower arc 8 is preferably in the range from 0.4 to 0.6 times the sectional height H1 of the carcass. 

The carcass line of the present invention can be obtained by setting the required length of carcass, that 
is, length B-C, the positions of points A, B and C, and R2 of the lower arc 8. As explained above, point A is the 
so outermost point of the carcass line restricted by the belt 6, which position is determined by the belt structure, 
and point C is determined by the position of the bead core. Point B and the radius R2 of the lower arc 8 are 
specified by the position of the bead core 4 and the bead reinforcing member 10. 

The bead reinforcing member 10 raises the bending stiffness in the lateral section, and has a tapered shape 
so that the bending stiffness decreases from the bead core radially outwardly. Fig. 5 shows two examples of 
55 such a bead reinforcing member. 

The bead reinforcing member of Fig. 5 (A) comprises a bead apex 10a composed of rubber having a JIS 
(A) hardness of 74 to 95, disposed radially outside the bead core and having a tapered cross sectional shape. 
The bead reinforcing member of Fig. 5 (B) comprises the bead apex 1 0a and additional further organic fibre 

3 
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cords 10b covering the bead core 4 and the bead apex. 

It is preferred to set the height H3 of this bead reinforcing member 1 0 at 4/5 or less of the height H2 at the 
maximum width point of the tyre. When H3 exceeds 4/5 of H2, the bending stiffness in the part A-B increases 
and the longitudinal deflection in the part A-B decreases, it Is better to place the upper end of the bead rein- 
5 forcing member 10 radially outside the point B. 

Test tyres having specifications shown in Table 1 were produced as working examples of the present inven- 
tion and reference tyres, and indoor testing and ride feel tests on actual cars were carried out 

The ride feel test was carried out by mounting the tyres on a Japanese made passenger car with a dis- 
placement of 1800 cc, and the evaluated results are shown by an index (larger numbers indicate preferable 
w ride feel). 

In the tyres of the present invention, the longitudinal stiffness was reduced and the ride comfort was 
improved. On the other hand, the lateral stiffness was not decreased and no lowering In the measured cornering 
power could be observed. 

Fig. 4 shows the comparison of the carcass line profiles in Working example 1 and reference tyre 1. In this 
is drawing, the lengths of the carcass lines from point A to point C are identical. 

As apparent from the above test results, the ride comfort of low aspect ratio radial tyres having an aspect 
ratio of 65% or less according to the present invention, could be improved without spoiling steering stability. 
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Claims 

1. A radial tyre comprising a pair of bead cores (4) provided in bead portions of the tyre, a carcass having 
at least one ply cord turned up at its edge around the bead cores (4) and defining a carcass line (5), and a beit 
(6) on the carcass (6) having at least two plies of metallic cords, and defining a belt width (WB), the carcass 
fine (5) between a point (A) under the edge of the belt (6) and a point (C) substantially at the upper end of the 
bead core (4) comprising an upper arc (A, B) having fts centre inside the tyre and a lower arc (B, C) having its 
centre outside the tyre, characterised in that the radius of curvature (R1) of the upper arc (A, B) divided by the 
radius of curvature (R2) of the lower arc (B, C) is less than 0.8, and that the tyre has an aspect ratio of 65% or 
less. 

2. A radial tyre as set forth in claim 1, characterised by the product of the ratio (WB/H1) of the belt width 
(WB) to the carcass sectional height (H1) and the aspect ratb/100 is greater than 0.8. 

3. A radial tyre as set forth in claim 1 or claim 2, characterised by the radius of curvature (R2) of the lower 
arc is in the range of 0.4 to 0.6 times the carcass sectional height (H1). 

4. A radial tyre as set forth in claims 1, 2 or 3 characterised by a bead reinforcing member (10) having a 
height 4/5 or less of the height (H2) at the maximum width point of the tyre. 

5. A radial tyre according to claim 4 characterised in that the upper end of the bead reinforcing member 
(1 0) is radially outside the point B. 



Patentanspruche 

1. Radialreifen, welcher umfeBt ein Paar Wulstkeme (4), von denen jeweBs einer in jedem Wulstabschnitt 
des Reifens vorgesehen 1st, eine Karkasse mil mindestens einer Korrilage, die an ihrer Kante urn die Wulst- 
keme (4) autwarts zurGckgeschlagen 1st und eine Karkassiinie (5) bestimmt, und einen Gurtel (6) an der Kar- 
kasse (5) mit mindestens zwei Lagen von Metallkorden, der eine GQrtelbreite (WB) bestimmt, wobei die 
Karkassiinie (5) zwischen einer Stelle (A) unterder Kante des Gurtels (6) und einer SteUe (C) im wesentlichen 
am oberen Ende des Wulstkems (4) einen oberen Bogen (A, B) umfeBt, dessen Krommumgsmittelpunkt inner- 
halb des Reifens liegt, und einen unteren Bogen (B, C), dessen Krummumgsmittelpunkt auBerhalb des Reifens 
liegt dadurch gekennzeichnet daB der Krummungsradius (R1) des oberen Bogens (A, B), geteflt durch den 
Krummungsradius (R2) des unteren Bogens (B, C) weniger als 0,8 ergibt, und daB der Reifen ein Querschnit^ 
sverhaltnis von 65% oder weniger hat 

2. Radialreifen nach Anspruch 1, dadurch gekennzeichnet, daB das Produktdes Verhaltniswertes (WB/H1) 
aus GQrtelbreite (WB) durch Kaikass-Querschnittshohe (H1) mit dem QuerschnittsverhaItnis/100 mehr als 0,8 
ergibt 

3. Radialreifen nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB der Krummungsradius (R2) des un- 
teren Bogens im Bereich des 0,4- bis 0,6-fachen der Karkass-Querschnittshohe (H1) liegt 

4. Radialreifen nach einem der Anspruche 1, 2 oder 3, gekennzeichnet durch ein Wulstverstarkungsglied 
(1 0) mit einer Hohe von 4/5 oder weniger der Hohe (H2) der Stelle maximaler Reifenbreite. 

5. Radialreifen nach Anspruch 4, dadurch gekennzeichnet, daB das obere Ende des Wulstverstarkungs- 
gliedes (10) slch radial auBerhalb der Stelle B befindet 



Revendications 

1 . Pneumatique k carcasse rad tale comprenant une paire de tringles (4) plactes dans les parties de talon 
du pneumatique, une carcasse ayant au moins des cdbJ6s d'une nappe replies £ un bord autour des tringles 
(4) et d6limitant une courbe de carcasse (5), et une ceinture (6) plac6e sur la carcasse (5) et ayant au moins 
deux nappes de cSb!6s mStalliques et d^llmitant une largeur de ceinture (WB), la courbe de carcasse (5), entre 
un point (A) qui se trouve sous le bord de la ceinture (6) et un point (C) qui se trouve pratiquement & Pextr&nite 
sup&ieure de la tringle (4), comportant un arc sup&ieur (A, B) dont le centre se trouve k Hnterieur du pneu- 
matique et un arc infSrieur (B, C) dont le centre se trouve k Texterieur du pneumatique, caracterisS en ce que 
le rayon de courbure (R1) de Tare supSrieur (A, B) divisi par le rayon de courbure (R2) de Pare inferieur (B, 
C) est inferieur k 0,8, et en ce que le pneumatique a un rapport d'allongement inf&rieur ou 6gal k 65%. 

2. Pneumatique k carcasse radiale selon la revendicatbn 1, caracterisd en ce que le produit du rapport 
(WB/H1) de lalargeur(WB) de la ceinture k la hauteur en coupe (H1 ) de la carcasse et du rapport cTaflongement, 



6 



EP 0 298 673 B1 



divise par 100, est sup6rieur a 0,8. 

3. Pneumatique a carcasse selon la revendication 1 ou 2, caraclerise en ce que le rayon de courbure (R2) 
de I'arc inferieur est compris entre 0,4 et 0.6 fois la hauteur en coupe (H1) de la carcasse. 

4. Pneumatique a carcasse radiale selon la revendication 1 , 2 ou 3, caracterise par un organe (10) d'arma- 
ture de talon ayant une hauteur inferleure ou egale aux quatre cinquiemes de la hauteur (H2) au point de largeur 
maximale du pneumatique. 

5. Pneumatique a carcasse radiale selon la revendication 4, caracterise en ce que I'extremite superieure 
de I'organe (10) d'armature de talon se trouve radiaJement a I'exterieur du point B. 
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FIG. 5 
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